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RESUMO 
 
O silicato de lítio reforçado por zircônia é um material cerâmico exclusivo para o 
sistema CAD/CAM recentemente comercializado, que possui indicações 
semelhantes às cerâmicas de dissilicato de lítio, prometendo propriedades 
mecânicas superiores. O objetivo desse estudo foi avaliar a desadaptação marginal 
e interna e a carga à fratura antes e após ciclagem termomecânica em coroas 
confeccionadas com silicato de lítio reforçado por zircônia (SLZ) e dissilicato de lítio 
(DSL). Coroas monolíticas de primeiros molares inferiores em SLZ e em DSL foram 
fresadas.  As coroas tiveram o desajuste marginal, a discrepância marginal absoluta, 
o desajuste axial e desajuste oclusal mensurados por meio de microtomografia de 
raios-x (n=8). Para a carga à fratura, as coroas foram cimentadas em um munhão 
universal, e divididas em 4 grupos: SLZ sem fadiga, SLZ com fadiga, DSL sem 
fadiga e DSL com fadiga (n=10). Os grupos com fadiga foram submetidos à 10.000 
ciclos térmicos (5 ºC – 55 ºC) e 1.000.000 ciclos mecânicos (200 N; 3,8 Hz). Para a 
carga à fratura as coroas foram submetidas ao teste de resistência à compressão 
em máquina de ensaio universal à uma velocidade de carregamento constante de 
1 mm/min até a ocorrência da falha. Através de análise estatística pelo teste t, o SLZ 
mostrou maiores valores de desajuste marginal (P=0,000) e discrepância marginal 
absoluta (P=0,003), enquanto nenhuma diferença de desadaptação foi encontrada 
entre os materiais nas regiões axial e oclusal. Através da análise de variância à dois 
critérios para análise das médias de carga à fratura, o DSL apresentou maiores 
médias comparado ao SLZ tanto com fadiga quanto sem fadiga (P=0.000). As 
cargas à fratura de ambos os materiais não foram influenciadas pela fadiga 
termomecânica. Uma correlação linear negativa moderada foi encontrada entre a 
carga à fratura e desadaptação marginal (r=-0,553) e entre a carga à fratura e 
discrepância marginal absoluta (r=-0,497). Considerando as limitações deste estudo, 
observa-se que o SLZ apresentou menores valores de carga à fratura e maior 
desadaptação do que o DSL, embora apresente médias dentro dos limites 
considerados como aceitáveis. 
 
Palavras-chave: Adaptação, microtomografia por raio-x, fadiga, cerâmica 
 
 
ABSTRACT 
 
Zirconia-reinforced lithium silicate is a ceramic material exclusive for CAD / CAM 
system recently commercialized, having similar indications to lithium disilicate 
ceramic, promising superior mechanical properties. The aim of this study was to 
evaluate the marginal and internal misfit, fracture load before and after 
thermomechanical cycling in crowns made by zirconia-reinforced lithium silicate 
(ZLS) and lithium disilicate (LDS). First molars crowns in ZLS and LDS were milled. 
The crowns had the marginal gap, absolute marginal discrepancy, axial gap and 
occlusal gap measured by x-ray microtomography (n=8). For fracture load, crowns 
were cemented in a universal abutment, and divided into 4 groups: ZLS without 
fatigue, ZLS with fatigue, LDS without fatigue and LDS with fatigue (n=10). The 
groups with fatigue were subjected to 10,000 thermal cycles (5 °C - 55 °C) and 
mechanical 1,000,000 cycles (F = 200 N). For fracture load the crowns were 
subjected to compressive strength test in a universal testing machine at a crosshead 
speed of 1 mm/min until the occurrence of failure. Through statistical analysis by t 
test, ZLS showed higher marginal gap values (P=0.000) and absolute marginal 
discrepancy (P=0.003), while no difference of misfit was found between materials in 
the axial region and occlusal region. Through two-way ANOVA, mean fracture load of 
LDS presented higher average fracture load than ZLS both fatigue as without fatigue 
(P=0.000). The fracture load was not influenced by thermomechanical fatigue. A 
linear moderate negative correlation was found between the fracture load and 
marginal misfit (r=-0.553) and between the fracture load and absolute marginal 
discrepancy (r=-0.497). Considering the limitations of this study, ZLS has lower 
values to fracture load and higher misfit, although within the limits considered to be 
acceptable. 
 
Key-Words: Adaptation, X ray microtomography, fatigue, ceramics. 
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1 INTRODUÇÃO 
 
Considerado como o padrão ouro em durabilidade, o tratamento protético 
com coroas totais metalocerâmicas apresenta uma importante limitação estética 
(Savi et al., 2014). A reflexão da luz na infraestrutura metálica produz resultados não 
satisfatórios, sendo incapazes de reproduzir algumas características ópticas 
alcançadas hoje com os materiais cerâmicos, como a fluorescência, opalescência e 
translucidez capazes de mimetizar os tecidos dentais (Kelly e Benetti, 2011). 
As cerâmicas odontológicas tem sido cada vez mais estudadas com o 
intuito de atender às exigências estéticas não cumpridas pelas metalocerâmicas 
sem, no entanto, perder as excelentes propriedades mecânicas providas pelo metal 
(Kim et al., 2013). Atualmente, com a evolução dos sistemas cerâmicos, os preparos 
tendem a ser menos invasivos, gerando menos sensibilidade ao paciente e 
preservando mais tecido remanescente, sendo possível a utilização de coroas totais 
em região posterior menos espessas que as metalocerâmicas e com resistência 
suficiente para receber os esforços mastigatórios (Dhima et al., 2014). Dessa forma, 
permitiu-se o uso mais frequente da cerâmica pura em detrimento das restaurações 
metalocerâmicas (Kim et al., 2013). 
A zircônia surgiu como alternativa aos copings metálicos, com resistência 
intrínseca comparável ao do metal, utilizando uma cobertura de cerâmica feldspática 
para melhorar a sua estética, já que se tratava de um material muito branco e opaco 
(Baldissara et al., 2010). Ao longo do tempo percebeu-se problemas relacionado ao 
lascamento da cerâmica feldspática de cobertura, supostamente pela diferença de 
tenacidade e coeficiente de expansão térmica entre a dupla camada (infraestrutura e 
cerâmica de cobertura) o que levaria à fratura da cerâmica feldspática de cobertura 
com maior facilidade, além da deficiência adesiva da zircônia, devido ao seu baixo 
teor vítreo (Koenig et al., 2013; Usumez et al., 2013; Zhang et al., 2013). Portanto, 
atualmente, a utilização de restaurações monolíticas é encarada como uma forma de 
minimizar os problemas de lascamento da cerâmica de cobertura, pois sem a 
presença da dupla camada, as coroas monolíticas apresentam propriedades 
mecânicas superiores às coroas estratificadas e através de pigmentação extrínseca 
conseguem uma estética favorável (Herrguth et al., 2005; Silva et al., 2012). 
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A utilização do dissilicato de lítio em coroas monolíticas unitárias tem sido 
adotada com sucesso (Savi et al., 2014; Kim et al., 2013; Schultheis et al., 2013; 
Sulaiman et al., 2015). Sua estrutura possui fortes cristais em forma de agulha 
dentro de uma matriz de vidro semelhante à um esmalte natural que inibe a 
propagação de fissuras e, diferente das zircônias, apresenta um relevante teor vítreo 
que permite adesão aos cimentos resinosos e o garante como um dos materiais 
mais estéticos utilizados na odontologia (Usumez et al., 2013; Zhang et al., 2013). 
Apesar de possuir uma menor resistência flexural e tenacidade à fratura, quando 
cimentada as restaurações em dissilicato de lítio podem apresentar um 
comportamento mecânico mais favorável do que as restaurações de zircônia com 
cerâmica de cobertura e comparáveis às metalocerâmicas. (Schultheis et al., 2013; 
Silva et al., 2012). 
No passado, a apresentação do dissilicato de lítio se dava apenas em 
forma de pastilhas, para a técnica de injeção. Com mais de uma década de 
aprimoramento e acompanhando a evolução tecnológica, hoje o dissilicato de lítio 
também se apresenta no formato de blocos para CAD/CAM, que tem sido bastante 
utilizado, gerando grandes benefícios com sua praticidade tanto para os cirurgiões 
dentistas quanto para os pacientes (Lien et al., 2015) O processo de produção de 
uma coroa monolítica pelo sistema CAD/CAM através de blocos pré-fabricados é 
realizado em condições bem controladas, produzindo estruturas uniformes e de 
elevada confiabilidade (Peampring e Sanohkan, 2014). A técnica injetada, por mais 
cuidadosa que seja realizada, ainda é mais dependente do técnico, diferente do 
método CAD/CAM que são menos sensíveis. (Schmitter et al., 2014) 
Em busca do aprimoramento dos materiais, uma nova composição de 
cerâmica odontológica foi criada, tendo em sua composição silicato de lítio reforçado 
por zircônia, desenvolvido exclusivamente para o sistema CAD/CAM, prometendo 
ser uma alternativa ao dissilicato de lítio, com melhores propriedades mecânicas, 
fresagem mais rápida, melhor acabamento de margem, facilidade de polimento e 
excelente estética (Vita Suprinity technical and scientific documentation). Tanto os 
blocos de dissilicato de lítio quanto os de silicato de lítio reforçado por zircônia 
apresentam-se num estado pré-cristalizado onde somente após fresagem a 
restauração é submetida à processo de queima, adquirindo assim suas propriedades 
mecânicas e estéticas finais.  
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A qualidade da fresagem de uma cerâmica pode estar diretamente 
relacionada com a sua composição, influenciando na adaptação final da restauração 
(Pimenta et al., 2015). Há um consenso na literatura de que um desajuste marginal 
em torno de 120 µm seria clinicamente aceitável para as restaurações e que 
camadas espessas de cimento poderiam aumentar a sua dissolução e diminuir a 
resistência da restauração (Reich et al., 2008; Rungruanganunt et al., 2010; Liu et 
al., 2011; Borba et al., 2013; Mously et al., 2014; Neves et al., 2014; Ng et al., 2014; 
Pimenta et al., 2015; Anadioti et al., 2015; Park et al., 2015). Espera-se que a 
precisão do sistema CAD/CAM seja capaz de produzir restaurações com um nível de 
desadaptação menor do que 120 µm independente do material utilizado. 
Materiais com alta dureza apresentam maior dificuldade para serem 
fresados, podendo acarretar em maior irregularidade em sua superfície e tal 
anormalidade pode afetar a adaptação de uma coroa (Tsitrou et al., 2007). A região 
cervical das coroas, geralmente muito delgadas, são locais críticos durante a 
fresagem e propensas a sofrerem com irregularidades (Tsitrou et al., 2007). 
Portanto, uma má adaptação gerada por defeitos cervicais, aliado à constante carga 
mecânica poderia gerar falhas que se propagariam a partir dessa região 
(Tuntiprawon e Wilson, 1995; Liu et al., 2011). 
Considerando a escassa literatura suportando as possíveis vantagens do 
silicato de lítio reforçado por zircônia sobre o dissilicato de lítio, o objetivo desse 
trabalho foi avaliar a desadaptação marginal e interna de coroas monolíticas nesses 
dois materiais e a carga à fratura com ou sem fadiga termomecânica. 
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ABSTRACT 
 
Statement of problem: Zirconia-reinforced lithium silicate is a newly available 
ceramic in an attempt to improve edge and strength of restorations. Intends to have 
better mechanical properties than others ceramics of same indication, but few studies 
on it are available. 
Purpose: This study evaluated marginal and internal misfit and fracture load with and 
without thermomechanical fatigue of monolithic zirconia-reinforced lithium silicate and 
lithium disilicate crowns.  
Materials and methods: Monolithic lithium disilicate (LDS) and zirconia-reinforced 
lithium silicate (ZLS) crowns were milled using a CAD/CAM system. Marginal gaps, 
absolute marginal discrepancy, axial gaps, and occlusal gaps were measured by X-
ray microtomography (n=8). For fracture load, crowns were cemented in a universal 
abutment, and divided into four groups: ZLS without thermomechanical fatigue, ZLS 
with thermomechanical fatigue, LDS without thermomechanical fatigue and LDS with 
thermomechanical fatigue (n=10). The groups with thermomechanical fatigue were 
subjected to 10,000 thermal cycles (5 °C - 55 °C) and 1,000,000 mechanical cycles 
(200 N; 3.8 Hz). All groups were subjected to compressive strength test in a universal 
testing machine at a crosshead speed of 1 mm/min until failure. For statistical 
analysis, t test was used for misfit, two-way ANOVA for fracture load and Pearson 
correlation for correlate the two variables. The reliability of materials was analyzed by 
Weibull distribution. 
Results: Average marginal gap (P=.000) and absolute marginal discrepancy 
(P=0.003) were greater in ZLS than LDS crowns, but no difference in axial gap or 
occlusal gap was observed. Thermomechanical fatigue did not affect the fracture 
load of either material. However, fracture loads of ZLS crowns were lower than those 
of LDS (P=.000). Fracture load was moderately correlated with marginal gap (r=-
0.553) and absolute marginal discrepancy (r=–0.497). LDS showed more reliability 
than ZLS. 
Conclusion: Considering the limitations of this study, ZLS has lower values to 
fracture load and greater marginal misfit, although within the limits considered to be 
acceptable. 
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CLINICAL IMPLICATIONS 
Monolithic crowns in zirconia-reinforced lithium silicate presented a greater 
misfit, lower fracture load and lower reliability compared with lithium disilicate crowns. 
The degree of misfit and fracture load is within the clinically acceptable limits 
according to most studies. 
 
INTRODUCTION 
The evolution of ceramic systems has been guided by efforts to enhance 
their strength and aesthetics.1 The use of zirconia seemed to solve the problem of 
resistance in these systems, but the aesthetic quality of this material is less than 
desirable.2 In order to obtain an aesthetic and strong material, a new ceramic has 
recently been developed and released with 10% zirconia added to lithium silicate. 
Named as zirconia-reinforced lithium silicate (ZLS) for exclusive use with computer-
aided design/computer-aided manufacture (CAD/CAM) systems. It promises to be an 
outstanding aesthetic material, with more strength and easy milling ability compared 
with lithium disilicate (LDS), generating optimized edge stability. Nevertheless, an 
insufficient number of studies supporting these features have been published. 
The use of LDS monolithic crowns have been successfully adopted.3 The 
use of a full anatomic crown supports greater resistance when compared to bi-layer.4 
With extrinsic pigmentation techniques, the lithium disilicate established itself as an 
aesthetic and strong material.5 With similar indications, the ZLS appears as a one 
more option for restorative treatments that require aesthetics and strength, combined 
with CAD/CAM technology. 
The technology used in CAD/CAM systems has facilitated restorative 
prosthetic treatment for clinicians and patients. However, the quality of restoration fit 
can be influenced by the printing technique or system used.6–10 Differences in the 
composition of two materials produced with the same system and technique can 
result in different misfit values.11 A lower hardness value tends to facilitate the milling 
process, but small fractures may occur in very thin regions, as cervical areas, 
compromising fit.8,12–14 Ease of milling and edge stability can generate restorations 
with good adaptation and thin and uniform cement layers, reducing localized stress 
18 
 
 
 
concentration and contributing to increased fracture strenght.15,16 Some studies have 
shown that restoration misfit is correlated negatively with fracture strength.15–17 
Threshold values for marginal and internal misfit remain a matter of 
debate. The most commonly accepted value is around 120 μm, but values of 50 μm 
and 200 μm have also been reported.18–20 Some authors claim that thick cement 
layers may lead to increased cement dissolution, microleakage, localized stress 
accumulation, and reduction of fracture strength.15,21–24 
The clinical success of a restoration can depend on many factors, 
including fracture load, which can be affected by marginal/internal fit and the ability to 
withstand cyclic fatigue.6,17,25 These properties need to be investigated in ZLS, on the 
other hand studies testing the advantages attributed to this material remain scarce. 
This study evaluated the marginal and internal misfit, fracture load with and without 
thermomechanical fatigue and reliability of ZLS compared with LDS. 
 
MATERIALS AND METHODS 
Using a three-dimensional (3D) optical scanning device (Ceramill Map400; 
Amann Girrbach), a 3D digital model of a morse taper universal abutment (Munhão 
Universal; Intraoss) with a 4.5 mm diameter, 6 mm height, and 2.5 mm transmucosal 
segment was obtained. From this model, and with reference to the anatomy of a 
mandibular first molar, a monolithic crown was drawn using CAD software (Ceramill 
Mind; Amann Girrbach). From this CAD model, 20 crowns each were milled (Ceramill 
Motion 2; Amann Girrbach) from ZLS (Suprinity; Vita Zahnfabrik) and LDS (IPS 
e.max CAD; Ivoclar Vivadent). The crowns were set on the morse taper universal 
abutment, and internal/marginal misfit was evaluated by X-ray microtomography 
(μCT) (Skyscan 1176; Bruker). The integrity of crown margins was examined by 
scanning electron microscopy (SEM) (JSM-5600LV; JOEL) and fracture load, with or 
without thermomechanical fatigue, was determined in universal test machine by axial 
compression. After fracture, fractographic analysis was performed by SEM in order to 
identify the origin of failure.26–28 
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Marginal/internal misfit 
Marginal and internal misfit of eight crowns of each material was evaluated 
using X-ray μCT. Each crown–universal abutment set was stabilized in a scanning 
tube and positioned perpendicular to the X-ray source. The parameters used for 
image acquisition were 80 kV, 1400 ms exposure time, 0.5 degree rotation step, 360 
degree rotation, and 1 mm Cu + Al filter. Seven hundred twenty images were 
obtained in each scan and reconstructed using NRecon software. Using DataView 
software, central coronal and sagittal slices were isolated. Averages of the values 
obtained on each axis were calculated using CTAn software. Four locations were 
selected for the evaluation of marginal gap (MG) and absolute marginal discrepancy 
(AMD): Center of buccal, lingual, mesial and distal face. Points used for 
measurement were based on the study of Holmes et al (Fig. 1A).29 Ten locations in 
each of two slice were used for the evaluation of internal adaptation [four on the axial 
walls for the evaluation of axial gap (AG) and six on the occlusal walls for the 
evaluation of occlusal gap (OG) (Fig. 1B)].7,9,19 
 
Fig. 1. A. Points used for the measurement of marginal gap (MG) and absolute 
marginal discrepancy (AMD). 
20 
 
 
 
 
Fig. 1B. Points used for the measurement of axial gap (AG) and occlusal gap (OG). 
 
Fracture load 
Before fracture load testing, for cementation process, crowns were rinsed 
in 98% alcohol for 1 min in an ultrasonic tank. Their external surfaces were then 
protected with wax, and intaglio surfaces were conditioned with 5% hydrofluoric acid 
(Condac porcelana; FGM) for 20 s. Excess gel was removed with a water jet, and the 
crowns were washed again in the ultrasonic bath with 98% alcohol for 3 min. A thin 
silane coupling agent (Prosil; FGM) layer was then applied to the intaglio surfaces 
and allowed to act for 60 s; excess of silane was volatilized with an air jet. The 
crowns were cemented into abutments that had been screwed into implant analogs 
with 32 N.cm torque using a dual cure cement (Panavia F; Kuraray), according to the 
manufacturer's recommendations. A pilot study showed that the replacement of the 
implant with its analog resulted in no difference in the fracture load of the crowns. 
The analogs were embedded in polyurethane resin (F160; Axson 
Technologies) at a 30 degrees (based on ISO 14801:2007) in a metal matrix (20 mm 
diameter, 20 mm height). Twenty crowns, ten of each material, were subjected to 1 
million mechanical cycles (ER-1300; ERIOS)  with a load of 200 N at a frequency of 
Crown 
Abutment 
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3.8 Hz, and 10,000 thermal cycles (MSCT-3e; Elquip) in alternating water baths with 
temperatures of 5°C and 55°C (30 s per temperature), amounting to about 65 s per 
cycle. The other twenty crowns serve as controls. 
For fracture load testing, a mechanical load was applied (Instron 4411; 
Instron) with a stainless-steel hemispherical indenter (5 mm diameter) on the occlusal 
surface of the molars of each crown at a crosshead speed of 1 mm/min until failure. 
Failure was defined as chipping or catastrophic fracture of the crown. 
 
Statistical analysis 
Statistical analysis were performed using the IBM SPSS Statistics 20 
software, with a significance level of 5% (α=.05). Normal data distribution was 
confirmed by the Shapiro–Wilk test for misft and fracture load variables. The 
locations of misfits (MG, AMD, AG and OG) between crowns of each material were 
analyzed separately by t-tests. The means of fracture loads of groups were analyzed 
by two-way ANOVA. The power obtained for sample size in both analyzes were 
greater than 90%. Pearson correlation coefficient was calculated to determine 
whether a linear relationship existed between misfit and fracture load. The Weibull 
model was used to characterize the survival of the samples regarding the reliability 
based on the applied load. 
 
RESULTS 
MG (P=.000) and AMD (P=.003) values were lower for LDS crowns than 
for ZLS crowns. No significant difference in AG or OG values was observed (Table 
1). Chipping during the milling process have been found in the cervical region in 
some crows (Fig. 2A and 2B). 
Table 1. Marginal gap (MG), absolute marginal discrepancy (AMD), axial gap (AG), 
and occlusal gap (OG) values (µm; n = 8/group; mean ± standard deviation) 
Group MG AMD AG OG 
LDS 41.45 ± 18.11a 180.67 ± 23.23a 96.07 ± 30.19a 255.80 ± 65.05a 
ZLS 101.86 ± 32.12b 235.54 ± 35.75b 100.09 ± 23.83a 252.68 ± 35.18a 
LDS, lithium disilicate; ZLS, zirconia-reinforced lithium silicate. Different superscripted 
letters indicate significant differences between materials (t-test, P<.05). 
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Fig. 2A. Cervical area of the lithium disilicate crown with no chipping. 
 
 
Fig. 2B. Cervical area of the zirconia-reinforced lithium silicate crown, showing 
chipping at the edge (arrows). 
 
 
Crown 
Abutment 
Crown 
Abutment 
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The material significantly influenced the fracture load of monolithic crowns 
(P=.000) while the thermomechanical fatigue procedure did not significantly change 
the fracture load (Table 2). Mean fracture load values before and after 
thermomechanical fatigue were 2062.73 ± 251.74 N and 2083.23 ± 407.97 N, 
respectively, for LDS crowns and 1626.83 ± 233.98 N and 1433.54 ± 156.46 N, 
respectively, for ZLS crowns (Fig. 3). Fracture load was not correlated significantly 
with OG (r=0.185, P>.05) or AG (r=–0.237, P>.05), but it was negative moderately 
correlated with MG (r=-0.553, P=.026) and AMD (r=-0.49, P=.05). 
 
Table 2. Two-way ANOVA (2x2) of material, fatigue condition, and interactions 
between these variables  
Source SS df MS F P 
Material 2946302.1 1 2946302.1 38.13 .000 
Fatigue condition 74643.6 1 74643.6 0.97 .332 
Material*fatigue condition 114260.1 1 114260.1 1.48 .232 
Error 2781347.9 36 77259.7   
SS, Sum of Squares; df, degree freedom; MS, Mean Square 
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Fig. 3. Mean fracture loads of LDS and ZLS crowns before and after 
thermomechanical fatigue. Bars indicate standard deviations and different letters 
indicate significant differences (Two-way ANOVA, P<.05). 
  
 Crowns had catastrophic failure, exposing the abutment. In fractographic 
analysis has identified the origin of the fracture from the load point. The hackle lines 
indicate the direction of crack propagation, commonly formed when the crack moves 
rapidly. The arrest lines show the direction of origin crack through its concave side 
(Fig. 4). The Weibull distribution showed overlapping of the two LDS fatigue 
conditions, showing more reliability results than the ZLS (Fig. 5). 
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Fig. 4. Fractographic analysis showing origin of fracture (O), direction of crack 
propagation (dcp), arrest lines (A) and hackle lines (H). 
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H 
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Fig. 5. Reliability of materials according to the applied load 
 
DISCUSSION 
Studies of internal and marginal misfit of monolithic ZLS crowns are 
scarce. The use of a non-destructive measurement technique, such as μCT, has the 
great advantage of enabling evaluation of not only the marginal area, but also the 
intaglio surface, while preserving samples for further analyses as fracture load with 
no effect on the results. It may, however, be considered a costly and slow 
technique.9,11 
In this study, ZLS crowns showed more misfit in the cervical region than 
did LDS crowns, which presented misfit values compatible with those published 
previously.7–9 One reason for misfit in the cervical region could be that a small 
amount of internal space obstructs the settling of the crown,6 but this was not 
observed in this study, as the two materials produced similar internal adaptation 
values. The hypothesize that this difference was due to the occurrence of very small 
fractures during milling of the cervical region in ZLS crowns.8 What appears to be 
correct, since that SEM showed higher irregularities of the cervical regions of ZLS 
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crowns compared with LDS crowns (Fig. 2A and 2B), which may have increased the 
average marginal misfit of ZLS. 
An inaccuracy of margins may be related to an increased brittleness index 
and chipping factor in the pre-crystallized phase of ZLS, resulting in greater marginal 
misfit. The chipping factor is the ratio of total amount chipping around the marginal 
circumference of the restoration multiplied by 100, in order to obtain the percentage 
of chipping.14 The chipping factor is positively related to the brittleness index, which is 
a ratio of hardness and fracture toughness. The higher hardness and lower fracture 
toughness of material, the higher its brittleness index and therefore more prone to 
chipping would be it.14 According to material manufacturers used in this study, in 
crystallized mode, the ZLS has a higher hardness than the DSL (7000 MPa against 
5600 MPa) and lower fracture toughness (2.00 MPa m-0.5 against 2.25 MPa m-0.5). 
However, nothing can be concluded from this information, because have not been 
evaluated, moreover to possess different properties in the pre-crystallized mode, 
mode how restorations are milled.  
The occlusal and axial walls showed no difference in misfit between 
materials, since a regular area and with greater material thickness, possibly less 
prone to microfractures, thus supporting the hypothesis that milling damaged thin 
regions. Although ZLS presented a greater difference in marginal misfit compared 
with LDS, this degree of misfit is within the clinically acceptable limits of 120 µm 
according to most studies.6–11,15,16,19–21,24 In addition, the greatest discrepancy did not 
seem to compromise much the mechanical behavior of the material, as a negative 
moderate correlation was observed between fracture load and MG and AMD. 
Internal misfit is evaluated less commonly than marginal misfit. Gaps > 
122 µm in axial walls may reduce the fracture strength of a crown.11,15 In the present 
study, AG values for both materials were < 122 µm, and AG was no correlated with 
fracture load. Another area of internal analysis is the occlusal wall, where misfit 
exceeding 450 µm may compromise cementation due to polymerization shrinkage.11 
In this study, OG values were < 450 µm, within the clinically acceptable range for 
general internal misfit, and did not differ between materials.7 
ZLS crowns showed lower fracture load than LDS crowns, with and 
without thermomechanical fatigue. Thermomechanical fatigue did not significantly 
affect fracture load in the present study, contrary to several previous reports that 
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fatigue influences the resistance of dental ceramics, although the reliability curve in 
Weibull distribution has most affected ZLS than LDS.17,25,30–32 However, comparison 
of the present results with those of other studies should be undertaken with caution, 
given the poor standardization of loads, frequency, number of cycles, and substrates. 
Both materials tested in this study resisted loads larger than maximum relative values 
of bite force found in the literature.33 However, the fracture load test did not mimic 
failures occurring when crowns are in clinical use.17,26,30,31 The fractographic analysis 
showed a crack propagation from load point in direction to cervical area, direction 
opposite to that of clinical situations.26 Thus, cannot confirm that the results of the 
present study represent the same clinical behavior of these materials. 
The results of this study suggest that ZLS does not outperform LDS in 
terms of fracture load, fit quality and reliability. However, the effectiveness of this 
material must be confirmed in clinical trials. 
 
CONCLUSION 
Zirconia-reinforced lithium silicate showed a lower reliability than lithium 
disilicate, not has overcome also fracture load values and showed higher misfit in 
marginal area. Although differences have been identified between materials, the 
misfit values and fracture load for both are within the limits considered acceptable. 
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3 CONCLUSÃO 
 
O silicato de lítio reforçado por zircônia apresentou uma confiabilidade 
menor do que o dissilicato de lítio, com pior desadaptação na região marginal e 
menores médias de carga à fratura. Embora diferenças tenham sido identificadas 
entre os dois materiais, os valores para ambos estão dentro dos limites considerados 
como aceitáveis. 
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APÊNDICE 1 – Ilustrações de Materiais e Métodos 
 
1. Análise da desadaptação por meio de microtomografia de raios-x 
 
 
Figura 1: Interface do programa NRecon, onde as imagens adquiridas foram 
importadas e selecionada a área de interesse para a reconstrução dos modelos. 
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Figura 2: Interface do programa DataView, onde as imagens reconstruídas pelo 
software tiveram as fatia central do eixo coronal e sagital isoladas para a 
mensuração. Para a correta padronização, a linha vermelha passava paralelamente 
sobrepondo a base do munhão universal. A linha azul e verde cortavam ao meio o 
munhão no sentido vertical. O eixo axial deveria exibir o cruzamento entre as linhas 
azul e verde exatamente no centro do munhão tanto. 
 
 
 
 
 
 
 
 
 
 
Figura 3: Fatia central do eixo coronal e sagital isoladas e os 4 locais utilizados para 
a mensuração do desajuste marginal e da discrepância marginal absoluta. 
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ANEXO 1 
 
 
 
Figura 4: Padronização para os locais de mensuração do desajuste interno. Os 
locais de mensuração do desajuste axial foram o segundo e terceiro quarto do 
munhão. Os locais de mensuração do desajuste oclusal foram 2 pontos mais externo 
do munhão, 2 pontos mais interno próximos do orifício da chave e 2 pontos centrais 
equidistantes. 
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